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,QWURGXFWLRQ
7KH WHFKQRORJLFDO DQG QXWULWLRQDO SURSHUWLHV RI GLIIHUHQW IRRG LQJUHGLHQWV DUH KLJKO\ LQIOXHQFHG E\ SURFHVVLQJ
FRQGLWLRQV7KH IXQFWLRQDOLW\RISURWHLQVFDUERK\GUDWHVDQG OLSLGVGXULQJSURFHVVLQJKDVDSULPDU\ LPSRUWDQFHRQ
ILQDO TXDOLW\ RI WKH SURGXFW 3URWHLQV UHSUHVHQW D YLWDO PDFURQXWULHQW LQ IRRGV ZLWK XQLTXH IXQFWLRQDO SURSHUWLHV
'DPRGDUDQ&KHQHWDO)XQFWLRQDOSURSHUWLHVRIIRRGSURWHLQVLQPXOWLFRPSRQHQWV\VWHPVDUHNQRZQ
WRKDYHJUHDW LPSDFWRQ IRRGTXDOLW\DQGVHYHUDO VWXGLHVKDYHEHHQ UHSRUWHG LQ WKLV UHVSHFW3URWHLQFDUERK\GUDWH
LQWHUDFWLRQVDQGWHPSHUDWXUHHIIHFWRQERWKKDYHEHHQVWXGLHGE\PDQ\UHVHDUFKHUV,EDQRJOX'RXEOLHUHWDO
 7ROVWRJX]RY  DQG dDNÕU DQG )RHJHGLQJ  PDGH LQYHVWLJDWLRQV LQWR SURWHLQSRO\VDFFKDULGH
LQWHUDFWLRQ LQ RUGHU WR XQGHUVWDQG WKH PHFKDQLVPV RI VWUXFWXUH IRUPDWLRQ LQ IRRG V\VWHPV $ORQJ ZLWK SURWHLQV
FDUERK\GUDWHVDUHNQRZQWRSD\DNH\UROHLQIRRGWH[WXUHGHYHORSPHQWLQGHSHQGHQWRIWKHLUFRQFHQWUDWLRQLQDIRRG
PDWUL[ZLWKWKLFNHQLQJDQGJHOOLQJSURSHUWLHVEHLQJWKHPRVWLPSRUWDQW6DPDQWHWDO0RUHRYHUFKDQJLQJ
SURWHLQFRQFHQWUDWLRQZDV IRXQG WR LQIOXHQFHQHWZRUN VWUXFWXUHGXULQJJHODWLQL]DWLRQ *ZDUWQH\HW DO7KH
VWDUFKLQWHUDFWLRQVZLWKRWKHUIRRGFRQVWLWXHQWVZHUHVWDWHGWREHRILPSRUWDQWLQWHUHVWIRUIRRGSURFHVVLQJ$PDMRU
SUREOHP DVVRFLDWHG WR VWDUFK SURFHVVLQJ LV UHODWHG WR WKH YDULDWLRQ LQ LWV IXQFWLRQDOLW\ GXH WR ERWDQLFDO RULJLQ $
VLJQLILFDQWFKDOOHQJHIRUIRRGSURFHVVRUVUHPDLQV WKHSRVVLELOLW\ WRSUHGLFWDQG WRH[SODLQ WKH LQWHUDFWLRQVEHWZHHQ
VWDUFKHV DQG WKH RWKHU PDMRU IRRG FRQVWLWXHQWV &RSHODQG HW DO  $QRWKHU FKDOOHQJH FRQFHUQV WKH
WKHUPRG\QDPLF LQFRPSDWLELOLW\ RI SURWHLQV DQG SRO\VDFFKDULGHV LQ FRPSOH[ V\VWHPV WKH ZRUNLQJ FRQGLWLRQV
SURWHLQSRO\VDFFKDULGH FRQFHQWUDWLRQV WRJHWKHUZLWK S+ZHUH IRXQG WR DIIHFW WKH G\QDPLF SURFHVV RI FRPSHWLWLRQ
EHWZHHQSKDVHVHSDUDWLRQDQGJHOIRUPDWLRQ1XQHVHWDO
7KHNQRZOHGJHRIWKHSURSHUWLHVDQGLQWHUDFWLRQEHWZHHQWKHPDLQFRPSRQHQWVZLWKLQFRPSOH[IRRGPDWULFHVLV
FUXFLDO IRU XQGHUVWDQGLQJ WKHLU IXQFWLRQDOLW\ 7KH DLP RI WKH SUHVHQW VWXG\ZDV WR LQYHVWLJDWH WKH UKHRORJLFDO DQG
WKHUPRPHFKDQLFDO SURSHUWLHV RIPRGHO IRRG V\VWHPV FRQVLVWLQJ RQ SRWDWR VWDUFK DQG SURWHLQV RI GLIIHUHQW RULJLQ
JOXWHQHJJDQGVR\EHDQ7KHREWDLQHGUHVXOWVPLJKWDOORZWKHNQRZOHGJHEDVHGGHVLJQRIGLIIHUHQWQHZEUHDGDQG
EDNHU\SURGXFWVZLWKLPSURYHGWHFKQRORJLFDOIXQFWLRQDOLW\
0DWHULDOVDQGPHWKRGV
2.1. Materials 
7KHQDWLYHSRWDWRVWDUFK67b5.,1$$*5$1$*URXSZDVSXUFKDVHGIURP8ELPHGLD65/*DODWL
5RPDQLD7KHPRLVWXUHFRQWHQWRI WKHVWDUFKZDV7KHSURWHLQSURGXFWVXVHG LQ WKHH[SHULPHQWDUH
VR\ SURWHLQ FRQFHQWUDWH 8ELPHGLD 65/*DODWL 5RPDQLDPRLVWXUH FRQWHQW RI  SURWHLQ FRQWHQW RI
SRZGHUHGHJJV$JULFROD%DFDXPRLVWXUHFRQWHQWRISURWHLQFRQWHQWRI
DQGJOXWHQ6DQR9LWD9kOFHD5RPDQLDPRLVWXUHFRQWHQWRISURWHLQFRQWHQWRI
)XQGDPHQWDO UKHRORJ\ DQG WKHUPRPHFKDQLFDO WHVWV ZHUH SHUIRUPHG RQ WKH EOHQGV FRQVLVWLQJ RI  SURWHLQ
SURGXFWVDQGSRWDWRVWDUFK)RU WKHUKHRORJLFDOPHDVXUHPHQWVIUHVKEDWWHUVRIFRQFHQWUDWLRQZYZHUH
SUHSDUHGSULRUWRHDFKWHVWDQGZHUHDOORZHGWRUHVWIRUPLQXWHVDWURRPWHPSHUDWXUH
2.2. Proximate composition 
7KHSUR[LPDWHFRPSRVLWLRQRIWKHSURWHLQSURGXFWVXVHGLQWKHH[SHULPHQWZDVGHWHUPLQHGXVLQJWKHIROORZLQJ
PHWKRGV WKHPRLVWXUHFRQWHQW WKURXJK WKH$$&&PHWKRG$$&&,QWHUQDWLRQDO WKHSURWHLQFRQWHQW
XVLQJWKHVHPLPLFUR.MHOGDKOPHWKRG5D\SD7UDGH5(VSLQDU6/
2.3. Fundamental rheological measurements 
5KHRORJLFDOFKDUDFWHULVWLFVRIREWDLQHGVXVSHQVLRQVZHUHWHVWHGLQVPDOODPSOLWXGHG\QDPLFFRQGLWLRQVZLWKDQ
$5 H[ 5KHRPHWHU 7$ ,QVWUXPHQWV /WG %HFDXVH RI WKH GLIIHUHQW FRQVLVWHQF\ RI WKH WHVWHG EDWWHUV ZKLFK
FRYHUHGERWK OLTXLG OLNHDQGVROLG OLNHGRPDLQVD VSHFLDODWWHQWLRQZDVJLYHQ WR WKHJHRPHWU\V\VWHPXVHGDV LV
UHSUHVHQWVDFULWLFDOIDFWRULQDFRUUHFWUKHRORJLFDOWHVWLQJ0RULHWDO7KXVWZRJHRPHWULFDOV\VWHPVZHUH
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XVHGWKHGRXEOHFRQFHQWULFF\OLQGHUJHRPHWU\LQQHUUDGLXVPPRXWHUUDGLXVPPF\OLQGHUOHQJWK
PP DWWDFKHG WR D3HOWLHU MDFNHWZDV XVHG IRU WHVWLQJ WKH UKHRORJLFDO EHKDYLRURI WKHEDWWHUV FRQVLVWLQJRQ VWDUFK
DORQHRULQDGPL[WXUHZLWKSRZGHUHGHJJZKLOHIRUPL[WXUHVFRQWDLQLQJVWDUFKDQGJOXWHQRUVR\SURWHLQFRQFHQWUDWH
DSODWHJHRPHWU\PPLQGLDPHWHUZDVXVHGDWWDFKHGWRD3HOWLHUSODWHWHPSHUDWXUHFRQWUROV\VWHP7KHXVHRI
GLIIHUHQWJHRPHWULHVZKLOHWHVWLQJVDPSOHVZLWKGLIIHUHQWFRQVLVWHQF\ZDVUHFRPPHQGHGE\$EX-GD\LO
Strain sweep test2EWDLQHGVDPSOHVZHUHILUVWDQDO\]HGDVDIXQFWLRQRIRVFLOODWLQJVWUDLQIURPWRDWD
FRQVWDQW IUHTXHQF\ RI  +] DQG D VHW WHPSHUDWXUH RI  & 2XW RI WKH REWDLQHG GDWD WZR VWUDLQ YDOXHV ZHUH
FRQVLGHUHGDVIROORZVWKHFULWLFDOVWUDLQȖFPDUNLQJWKHHQGRIWKHOLQHDUYLVFRHODVWLFUHJLRQ/955RGGHWDO
ZKHUH WKH*C DQG*CC YDOXHV GR QRW YDU\ VLJQLILFDQWO\ DQG WKH DSSOLHG VWUDLQ GRHV QRW DIIHFW WKH LQWHUQDO
VWUXFWXUH RI WKHPDWHULDO 7XQLFN  DQG WKH \LHOG VWUDLQ Ȗ\ZKHUH WKH*C*CC FURVVRYHU FDQEH VSRWWHG /H
*UDQGDQG3HWHNLGLVDQGWKHIORZLQJSURFHVVLVFRQVLGHUHGLQLWLDWHG
Frequency sweep test $ FRQVWDQW VWUDLQ GHWHUPLQHG WR EH LQ WKH /95 ZDV DSSOLHG WR WHVWHG VDPSOHV ZKLOH
GHFUHDVLQJWKHWLPHVFDOHRIWKHDSSOLHGGHIRUPDWLRQIURPVWRVFRUUHVSRQGLQJWRDIUHTXHQF\VZHHSLQWKH
±+]GRPDLQ6\VWHPWHPSHUDWXUHZDVPDLQWDLQHGDW&7XQLFNVWDWHGWKDWIUHTXHQF\VZHHSWHVW
FDQEHXVHGWRSURYLGHLQIRUPDWLRQDERXWJHOW\SHIRUPHGLQWKHVDPSOHGXULQJWKHREVHUYDWLRQWLPH7KUHHW\SHVRI
QHWZRUNVFRXOGEHGHILQHGEDVHGRQWKHIUHTXHQF\LQGH[QSHUIHFWO\FURVVOLQNHGJHOVIRUQ VWURQJFURVVOLQNHG
QHWZRUNIRU!QDQGZHDNSK\VLFDOJHOVIRUQ!7KHIUHTXHQF\LQGH[YDOXHZDVGHWHUPLQHGZLWKWKH
3RZHU/RZHTXDWLRQHTXVLQJWKH7$5KHRORJ\$GYDQWDJH'DWD$QDO\VLV6RIWZDUH9

 nkK Z  u   

:KHUHȘYLVFRVLW\3DîVNFRQVLVWHQF\LQGH[Ȧ±IUHTXHQF\+]QIUHTXHQF\LQGH[
Temperature ramp test7HPSHUDWXUHZDVUDPSHGZLWK&PLQIURPWR&&ZKHQVR\SURWHLQ
FRQFHQWUDWHZDV SUHVHQW LQ TXDVLVWDWLF FRQGLWLRQV VWUDLQ RI  IUHTXHQF\RI+] LQRUGHU WR LGHQWLI\ WKH
JHOOLQJWHPSHUDWXUHRIWKHV\VWHPDQGSURWHLQGHQDWXUDWLRQ,QRUGHUWRDYRLGZDWHUHYDSRUDWLRQDVROYHQWWUDSFRYHU
ZDVXVHGWRJHWKHUZLWKDGGLWLRQRIPORIZDWHULQWKHJHRPHWU\CVVROYHQWWUDS7KHWHPSHUDWXUHGRPDLQZKHUHWKH
JHOOLQJSURFHVVRFFXUUHGZDVFRQVLGHUHGWREHLQWKHLQIOHFWLRQUHJLRQVRI*CYVWHPSHUDWXUHGDWDXVLQJWKHPHWKRG
GHVFULEHGE\'LQJHWDO*HOOLQJWHPSHUDWXUHGRPDLQZDVGHWHUPLQHGE\FDOFXODWLQJWKHILUVWGHULYDWLYHRID
WKLUGRUGHUSRO\QRPLDOHTXDWLRQILWWLQJ*CYVWHPSHUDWXUHGDWD
2.4. Mixolab measurements 
0L[RODE GHYLFH 7ULSHWWH	 5HQDXG &KRSLQ 9LOOHQHXYH /D *DUHQQH )UDQFH ZDV XVHG WR VWXG\ WKH WKHUPR
PHFKDQLFDOEHKDYLRURIWKHGRXJKVREWDLQHGE\PL[LQJSRWDWRVWDUFKZLWKGLIIHUHQWSURWHLQSURGXFWV
7KH &KRSLQ SURWRFRO ZDV HPSOR\HG WR PHDVXUH WKH WRUTXH 1P RI WKH GRXJKV ZKLOH VXEMHFWLQJ WKHP WR WKH
PL[LQJ E\ WZR NQHDGLQJ DUPV DQG WHPSHUDWXUH FRQVWUDLQWV LQ RUGHU WR VLPXODWH WKH EUHDGPDNLQJ SURFHVV 7KH
IROORZLQJVHWXSZDVXVHG LQ WKHH[SHULPHQWFRQVWDQWPL[LQJUDWHRIUSPILUVWSODWHDXRIPLQDW&ILUVW
WHPSHUDWXUHJUDGLHQWRI&PLQVHFRQGSODWHDXRIPLQDW&VHFRQG WHPSHUDWXUHJUDGLHQWRI&PLQDQG
WKLUGSODWHDXRIPLQDW&7KHIROORZLQJYDULDEOHVZHUHUHFRUGHGIURPWKH0L[RODEFXUYHVZDWHUDEVRUSWLRQ
UHTXLUHGWRJHWWKHPD[LPXP&WRUTXHDW&&ZKLFKLVPLQLPXPWRUTXHDVVRFLDWHGZLWKSURWHLQZHDNHQLQJ
ZKLOHLQFUHDVLQJWKHWHPSHUDWXUH&ZKLFKJLYHVLQGLFDWLRQVDERXWVWDUFKJHODWLQL]DWLRQ&ZKLFKLVDPHDVXUHRI
WKHVWDELOLW\RIWKHVWDUFKJHODW&DQG&ZKLFKRIIHUVLQGLFDWLRQRQVWDUFKUHWURJUDGDWLRQSKHQRPHQRQGXULQJ
WKHFRROLQJVWDJH&ROODUHWDO
2.5. Statistical analysis 
6WDWLVWLFDODQDO\VLVZDVFRQGXFWHGXVLQJ0LFURVRIW([FHO6RIWZDUH(DFKH[SHULPHQWZDVFDUULHGRXWLQGXSOLFDWH
DQGWKHUHVXOWVZHUHUHSRUWHGDVPHDQYDOXHV$QDO\WLFDOGDWDZHUHVXEMHFWHGWR$129$6LQJOH)DFWRUFRQVLGHULQJ
DVLJQLILFDQFHOHYHORI
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5HVXOWVDQGGLVFXVVLRQ
3.1. Rheological behavior of the starch-protein mixtures 
7KHUHVXOWVRIWKHVWUDLQVZHHSWHVWVDUHVKRZQLQ)LJXUH&RQVLGHULQJWKHGLIIHUHQWFRQVLVWHQF\RIWKHVDPSOHV
DQG WKH ODUJH GRPDLQ RI WKH UHVXOWHG YDOXHV IRU YLVFRHODVWLF SDUDPHWHUV WKH JUDSK VKRZV WKH HYROXWLRQ RI WKH
FRPSOH[PRGXOXV*QRUPDOL]HGE\WKHLQLWLDOPRGXOXVDVDIXQFWLRQRIVWUDLQȖ
7KH FRPSOH[PRGXOXV * LV DPHDVXUH RI WKH YLVFRHODVWLFLW\ DQG LQFOXGHV ERWK HODVWLF DQG YLVFRXVPRGXOL
 C CCG G G  


)LJ7KHHYROXWLRQRIWKHFRPSOH[PRGXOXVGXULQJVWUDLQVZHHSWHVWIRUWKHEDWWHUVPDGHRIVWDUFKVXSSOHPHQWHGZLWKSURWHLQV

)RUWKHVWDUFKEDWWHUWKH*YDOXHVSUHVHQWHGDVKDUSGURSIURPWKHEHJLQQLQJRIWKHWHVWZLWKQR/95HQWHULQJ
GLUHFWO\LQWRWKHWUDQVLWLRQSKDVH+RZHYHUdeltaYDOXHVVWDUWHGLQWKHVROLGOLNHUHJLRQDQGLQFUHDVHGZLWKD
ORJDULWKPLFWUHQGXQWLODVWUDLQYDOXHRIZDVUHDFKHG$FFRUGLQJWRWKHUHVXOWVSUHVHQWHGLQ7DEOHWKHDFWXDO
IORZ SURFHVV VWDUWHG LQ WKH HDUO\ VWDJH RI WKH WHVW0RUHRYHU D GLODWDQW EHKDYLRU FRXOG EH VHHQ DW GHIRUPDWLRQV
H[FHHGLQJ6WDUFKSURWHLQEDWWHUVSUHVHQWHGVLPLODUYLVFRHODVWLFEHKDYLRUZLWKDQDUURZ/957DEOH6LPLODU
REVHUYDWLRQV ZHUH UHSRUWHG E\ 6PLWK DQG7VFKRHJO  FLWHG E\ .KDWNDU HW DO  ZKR UHSRUWHG OLQHDU
YLVFRHODVWLFVWUDLQVXSWRIRUWKHJOXWHQGRXJK7KHVWDUFKHJJEDWWHUVSUHVHQWHGDIOXLGOLNHEHKDYLRUZLWK
UDWKHU KLJK delta YDOXHV  LQ WKH /95 ZKLFK FRQWLQXHG WR LQFUHDVH XQWLO  DW  VWUDLQ GDWD QRW
SUHVHQWHG*OXWHQDQGVR\SURWHLQFRQFHQWUDWHDGGLWLRQWRWKHVWDUFKPDWUL[UHVXOWHGLQDVLJQLILFDQWGHOD\RIIORZ
S
7KHYLVFRHODVWLFEHKDYLRUGXULQJIUHTXHQF\VZHHSWHVWLVSUHVHQWHGLQ)LJXUHDVDORJORJSORW3URWHLQDGGLWLRQ
WRWKHVWDUFKEDWWHUKDGDVLJQLILFDQWHIIHFWRQ*CDQG*CCYDOXHV3RZGHUHGHJJDGGLWLRQWRWKHVWDUFKUHVXOWHGLQD
ZHDN VWUXFWXUHRI WKHEDWWHUZLWK D VWURQJ IUHTXHQF\GHSHQGHQF\7KH IUHTXHQF\ LQGH[ UHVXOWHG IRU VWDUFKJOXWHQ
GRXJKLQGLFDWHGDVWURQJFURVVOLQNHGVWUXFWXUH7DEOH
7DEOH5KHRORJLFDOSURSHUWLHVPHDVXUHGE\ORZDPSOLWXGHRVFLOODWRU\WHVWV
6WDUFK
6WDUFK
HJJ
6WDUFK
JOXWHQ
6WDUFK
VR\
ȖF    
Ȗ\    
)UHTXHQF\
LQGH[n
   

+RZHYHUXSWRIUHTXHQFLHVRI+]WKHEDWWHUVHHPHGWRIORZ*CC!*CPRVWSUREDEO\GXHWRJOLDGLQIUDFWLRQ
SDVVLQJWRDVROLGOLNHEHKDYLRUDWKLJKHUIUHTXHQFLHV,WLVDFRPPRQNQRZOHGJHLQUKHRORJ\WKDWDYLVFRHODVWLFIOXLG






  
*

*
 
6WUDLQ
6WDUFK
6WDUFK(JJ
6WDUFK*OXWHQ
6WDUFK6R\
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ZLOOIORZDWORQJWLPHVRIDSSOLHGVWUHVVHVLHORZIUHTXHQFLHVDQGZLOOEHKDYHDVDVROLGDWVKRUWWLPHVLHKLJK
IUHTXHQFLHV.KDWNDU HW DO  UHSRUWHG IRU JOXWHQ GRXJK WKDW JOXWHQLQ IUDFWLRQV DUH UHVSRQVLEOH IRU WKH KLJK
GHJUHH RI FURVVOLQNLQJ EHKDYLRU *C!*CCZKLOH JOLDGLQ IUDFWLRQVZHUH VWDWHG WR FRQWULEXWH WR WKH HODVWRYLVFRXV
OLTXLGEHKDYLRU*CC!*C6R\SURWHLQFRQFHQWUDWHVWDUFKDQGVWDUFKEDWWHUVGLGQRWSUHVHQWDIUHTXHQF\GHSHQGHQF\
RYHUHQWLUH WHVWHG IUHTXHQF\UDQJH:HDN IUHTXHQF\GHSHQGHQFHZDVDOVR UHSRUWHGE\+VX IRU VR\SURWHLQ
LVRODWHVXVSHQVLRQV

)LJ9LVFRHODVWLFEHKDYLRURIVWDUFKSURWHLQPL[WXUHVGXULQJIUHTXHQF\VZHHSWHVW

7HPSHUDWXUHLQGXFHGJHODWLQL]DWLRQRIVWXGLHGFRPSRVLWLRQVZDVDVVHVVHGDVWKHGRPDLQGHOLPLWHGE\PLQLPXP
DQGPD[LPXPWHPSHUDWXUHYDOXHVJLYHQE\FDOFXODWLQJWKHILUVWGHULYDWLYHRIDWKLUGRUGHUHTXDWLRQILWWLQJWKH*CYV
WHPSHUDWXUHYDOXHV LQ WKHDUHDZKHUHLQIOHFWLRQSRLQWVZHUHREVHUYHG)LJXUHVKRZVWKHFRQVLGHUHGWHPSHUDWXUH
GRPDLQV OLQHV DQG WKH UHVXOWHG JHOOLQJ WHPSHUDWXUH YDOXHV ER[HV ([FHSW IRU WKH VWDUFK EDWWHUV WKH SURWHLQ
FRQWDLQLQJFRPSRVLWLRQVSUHVHQWHG WZR LQIOHFWLRQ UHJLRQV WKXV WZR WHPSHUDWXUHGRPDLQVZHUHFDOFXODWHG$VRQH
FDQVHHLQ)LJXUHWKHILUVWJHOOLQJWHPSHUDWXUHUHJLRQIRUHDFKFRPSRVLWLRQZDVGHWHUPLQHGWREHZLWKLQWKRVHRI
VWDUFK+RZHYHU WKHSURFHVVZDVREVHUYHG WR WDNHSODFHZLWKLQDQDUURZHU WHPSHUDWXUHGRPDLQ ,QFDVHRIVWDUFK
EDWWHU WKHJHOOLQJSURFHVVZDVREVHUYHG WRRFFXUEHWZHHQ DQG&2Q\DQJRHW DO  IRXQG WKURXJK
'6&JHOOLQJWHPSHUDWXUHVEHWZHHQDQG&LQFDVHRISRWDWRVWDUFK:KHQVWXG\LQJWKHEHKDYLRURIWKHSRWDWR
VWDUFK WKURXJK'6&6KLRWVXERDQG7DNDKDVKL  UHSRUWHGDJHOOLQJ WHPSHUDWXUHRI&0RRUWK\
GHWHUPLQHG IRU SRWDWR VWDUFK JHOOLQJ WHPSHUDWXUHV EHWZHHQ  DQG & 7KH GLIIHUHQFH EHWZHHQ GHWHUPLQHG
JHOOLQJWHPSHUDWXUHVFDQEHH[SODLQHGE\LQWHUPROHFXODUERQGVDQGPROHFXODUDUFKLWHFWXUHRIWKHFU\VWDOOLQHUHJLRQ
RIVWDUFKWKHKLJKWHPSHUDWXUHVRIJHODWLQL]DWLRQEHLQJDVVRFLDWHGWRKLJKHUVWDELOLW\RIWKHVWDUFKPROHFXOHVZKLFK
ZLOO UHTXLUH PRUH KHDW IRU JUDQXOHV VZHOOLQJ 0RRUWK\  2WKHU IDFWRUV OLNH VWDUFK RULJLQ H[SHULPHQWDO
FRQGLWLRQV KHDWLQJ UDWHRUPRLVWXUH OHYHOZHUH DOVRPHQWLRQHG WR LQIOXHQFH WKHJHOOLQJEHKDYLRU 0RRUWK\ 
2Q\DQJRHWDO
)RUVWDUFKVR\SURWHLQFRQFHQWUDWHPL[WXUHWKH*CYDOXHVFRQWLQXHGWRUDLVHRYHU&VRWKHWHVWZDVH[WHQGHG
XQWLO &$ VHFRQG FDOFXODWHG WHPSHUDWXUH GRPDLQ UHVXOWHG EHWZHHQ  DQG &$PLQRU SLFNZDV DOVR
REVHUYHGEHWZHHQDQG&KRZHYHUDYDOLGWHPSHUDWXUHUDQJHFRXOGQRWEHGHWHUPLQHGE\WKHDSSOLHGPHWKRG
/LWHUDWXUHJLYHVGLIIHUHQWJHOOLQJWHPSHUDWXUHVIRUVR\6DQG6JOREXOLQV+LJKGHQDWXUDWLRQWHPSHUDWXUHVLQFDVH
RIVR\SURWHLQVZHUHUHSRUWHGE\/HHDWDOIRU6IUDFWLRQ&&PLQKHDWLQJUDWH/LXDQG;LRQJ
ZKLOHVWXG\LQJVR\6JOREXOLQWKURXJK'6&DVVLJQHGDSHDNVSRWWHGDW&WR6JOREXOLQZKLOHIRU
6 JOREXOLQ D JHOOLQJ WHPSHUDWXUH RI & ZDV REVHUYHG 7KH GLIIHUHQFH EHWZHHQ UHSRUWHG SURWHLQ
JHOOLQJGHQDWXUDWLRQ WHPSHUDWXUHV LQ WKH VFLHQWLILF OLWHUDWXUH PD\ EH GXH WR VROLG FRQFHQWUDWLRQV XVHG RU WR WKH






   
*
C
*
CC

3D
)UHTXHQF\+]
*
6WDUFK *

6WDUFK *
6WDUFK(JJ *

6WDUFK(JJ
*
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KHDWLQJUDWHDSSOLHG&RUGREpVHWDO$QLQFUHDVHLQVROLGFRQWHQWZDVUHSRUWHGE\&RUGREpVHWDOWR
GHWHUPLQH D GHFUHDVH LQ WKH JHOOLQJ WHPSHUDWXUH 7KH VDPH DXWKRU REVHUYHG WKDW GHFUHDVLQJ WKH KHDWLQJ UDWHZLOO
GHWHUPLQH D UHGXFHG WHPSHUDWXUH GHQDWXUDWLRQ LQ FDVH RI HJJ \RON DQG LQFUHDVLQJ WKH WHPSHUDWXUHZLWK &PLQ
GHWHUPLQHGDJHOOLQJWHPSHUDWXUHRI&7KHORZHUJHOOLQJWHPSHUDWXUHGRPDLQIRXQGLQWKHSUHVHQWVWXG\IRU
VWDUFK±SRZGHUHGHJJEDWWHUVFDQEHGXHWRVWDUFKSURWHLQHQWDQJOHPHQWVDQGIDWFRQWHQWRIHJJ0RUHRYHULQWKH
SUHVHQWVWXG\WKHZKROHGULHGHJJSRZGHUZDVXVHGZKLOHWKHOLWHUDWXUHLQGLFDWHVORZHUJHOOLQJWHPSHUDWXUHIRUWKH
HJJ ZKLWH 'RQRYDQ HW DO  GHWHUPLQHG IRU HJJ ZKLWH JHOOLQJ WHPSHUDWXUHV EHWZHHQ & DQG & DW D
KHDWLQJUDWHRI&PLQ$VIRUWKHJOXWHQVWDUFKEDWWHUWKHVHFRQGREVHUYHGWHPSHUDWXUHGRPDLQUDQJHGEHWZHHQ
DQG&/LWHUDWXUHJLYHVGLIIHUHQWJHOOLQJ WHPSHUDWXUHVIRUJOXWHQFRQVWLWXHQWV&IRUJOLDGLQVDQG
& IRU JOXWHQLQV /HRQ HW DO  'UHHVH HW DO  IRXQG IRU JOXWHQ  ZKHDW VWDUFK EOHQGV JHOOLQJ
WHPSHUDWXUHVEHWZHHQDQG&+RZHYHUWKHGLIIHUHQFHLQWHUPVRIWHVWLQJFRQGLWLRQVDQGJOXWHQRULJLQVKRXOG
EHFRQVLGHUHGZKHQGLVFXVVLQJWKHUHVXOWV


)LJ7HPSHUDWXUHGRPDLQVZHUHJHOOLQJSURFHVVZDVREVHUYHGIRUVWXGLHGFRPSRVLWLRQVGXULQJWHPSHUDWXUHUDPSWHVW/LQHVUHSUHVHQW
DQDO\]HGWHPSHUDWXUHUDQJHZKHUHDVFROXPQVUHSUHVHQWREWDLQHGUHJLRQVRIJHOOLQJWHPSHUDWXUHV
7KHUPRPHFKDQLFDOSURSHUWLHVRIVWDUFKSURWHLQVPL[WXUHV
7KHWKHUPDOGHSHQGHQWEHKDYLRURIERWKVWDUFKDQGSURWHLQVZLWKLQGRXJKVZDVVKRZHGWRLQIOXHQFHWKHTXDOLW\RI
WKH EDNHU\ SURGXFWV )DOFmR5RGULJXHV HW DO  ,Q RUGHU WR HVWLPDWH WKH EUHDGPDNLQJ SHUIRUPDQFHV RI WKH
SRWDWRVWDUFK±SURWHLQSURGXFWVPL[WXUHVWKHUHDOWLPHGRXJKV¶EHKDYLRUZDVIROORZHGXVLQJWKH0L[RODEGHYLFH,Q
)LJXUH  DUH SUHVHQWHG WKH0L[RODE FXUYHV IRU WKH LQYHVWLJDWHG VWDUFK ± SURWHLQ SURGXFWPL[WXUHV ,Q FDVH RI WKH
VDPSOHVZLWKJOXWHQDQGVR\SURWHLQFRQFHQWUDWHWKHPD[LPXPFRQVLVWHQF\RI1PZDVREWDLQHGDW&DIWHU
VKRUW GHYHORSPHQW WLPH IRUZDWHU DEVRUSWLRQ :$ OHYHOV RIDQG UHVSHFWLYHO\ ,Q DJUHHPHQWZLWK WKH
REVHUYDWLRQVRI0DUFRDQG5RVHOO D WKH LQFUHDVHRI WKHSURWHLQFRQWHQWZLWKLQ WKHPL[WXUHPLJKWDOORZ WKH
VLJQLILFDQWLQFUHDVHRIWKHGHYHORSPHQWWLPH
%HFDXVHRI WKH ORZDELOLW\RI WKHSRWDWR VWDUFK±SRZGHUHGHJJVEOHQGV WRELQGDQGKROGZDWHU WKHPD[LPXP
WRUTXHYDOXHREWDLQHGDW&IRU:$RIZDV1P7KHOHYHORI:$ZDVFKRVHQFRQVLGHULQJWKHVWXG\RI
:DQJ HW DO  ZKR LQGLFDWHG ZDWHU DEVRUSWLRQ RI  WR JHW RSWLPXP FRQVLVWHQF\ YDOXHV IRU WKH GRXJK
VDPSOHSUHSDUHGZLWKRDWIORXUDQGHJJDOEXPLQ
$SRRUVWDELOLW\ZDVQRWLFHGLQFDVHRIDOOVWXGLHGPL[WXUHVLQGLFDWLQJORZWROHUDQFHLQGH[WRRYHUPL[LQJPRVW
SUREDEO\GXH WR WKH KLJKTXDQWLW\ RI IUHHZDWHU UHOHDVHGZKLOH VKHDULQJ WKH VDPSOHV 'KDND DQG.KDWNDU 
$OWKRXJKJOXWHQDQGVR\SURWHLQVKDYHJRRGZDWHUKROGLQJFDSDFLW\WKHDPRXQWRISURWHLQSUHVHQWLQWKHPL[WXUHVLW
LVQRWKLJKHQRXJKWRSURYLGHVWDELOLW\WRWKHGRXJKV,WLVJHQHUDOO\DFFHSWHGWKDWDWNQHDGLQJWKHJOXWHQSURWHLQLV
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DEOHWRGHYHORSYLVFRHODVWLFQHWZRUNVZLWKJRRGFRKHVLYHQHVVWKHUHIRUHSURYLGLQJJRRGEUHDGPDNLQJTXDOLW\WRWKH
PL[WXUHV)DOFmR5RGULJXHVHWDO:LHVHU
)XUWKHUNQHDGLQJDWFRQVWDQWWHPSHUDWXUHRYHUWKHWLPHSHULRGFRUUHVSRQGLQJWR&FDXVHGWKHVORZGHFUHDVHRI
GRXJKFRQVLVWHQF\LQFDVHRIWKHJOXWHQFRQWDLQLQJVDPSOHZKHUHDVIRUWKHVDPSOHVZLWKVR\SURWHLQFRQFHQWUDWHRU
SRZGHUHGHJJVWKHFRQVLVWHQF\UHPDLQHGUDWKHUFRQVWDQWXQWLOWKHHQGRIWKLVVWDJHRIWKH0L[RODEFXUYH)LJXUH
7DEOH&KDUDFWHULVWLFVRIWKHEOHQGVFRQVLVWLQJRISRWDWRVWDUFKDQGJOXWHQ*SRZGHUHGHJJV(RUVR\SURWHLQ
FRQFHQWUDWH6GXULQJPL[LQJDQGKHDWLQJDVVHVVHGE\0L[RODEGHYLFH
6DPSOH :$
0LQLPXP
WRUTXH
&1P
3HDNWRUTXH
&1P
&1P
6WDUFK
UHWURJUDGDWLRQ
&1P
6     
(     
*     
:$±ZDWHUDEVRUSWLRQ

7KH GHFUHDVH RI WKH FRQVLVWHQF\ ZKHQ KHDWLQJ WKH VDPSOHV E\ &PLQ LV GXH WR SURWHLQ ZHDNHQLQJ $PRQJ
VWXGLHGVDPSOHVWKHVR\SURWHLQVH[KLELWHGWKHKLJKHVWDELOLW\WRUHWDLQZDWHUWKHPLQLPXPWRUTXH&EHLQJDERXW
 KLJKHU ZLWK UHVSHFW WR WKH JOXWHQ FRQWDLQLQJ PL[WXUH 7DEOH  7KH KLJK FRQVLVWHQF\ RI WKH VR\ SURWHLQ
FRQWDLQLQJVDPSOHPLJKWEHH[SODLQHGE\WKHJRRGWKHUPDOVWDELOLW\RIWKH6DQG6SURWHLQV7KHWKHUPDODQDO\VLV
SHUIRUPHGE\/HHHWDORQWKHPDMRUFRPSRQHQWVRIVR\SURWHLQVVKRZHGWZRGLIIHUHQWHQGRWKHUPLFSHDNVDW
&DQG& FRUUHVSRQGLQJ WR6DQG6 UHVSHFWLYHO\$Q\ZD\ZKHQGLVFXVVLQJ WKHEHKDYLRURIJOXWHQ
GRXEOH FRQVWUDLQHG WR PL[LQJ DQG KHDWLQJ RQH VKRXOG WDNH LQWR DFFRXQW WKH LQWHU DQG LQWUDPROHFXODU EULGJHV
FOHDYDJHDQGLQWHUFKDQJHKLJKO\UHVSRQVLEOHIRUWKHUKHRORJLFDOSURSHUWLHVRIWKHSURGXFWV)DOFmR5RGULJXHVHWDO
1RVLJQLILFDQWYDULDWLRQRIWKHWHPSHUDWXUHFRUUHVSRQGLQJWR&YDOXHV&ZDVREVHUYHGZLWKWKH
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